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Abstract 
Dielectrophoresis is usually viewed using traditional microscopy, basically in plane since the depth of focus is short. However, a 
basic dielectrophoretic platform induces particle mobility not only in electrode plane but also in the depth dimension as well. The 
electric field gradient also has depth dimension. Therefore it is essential to measure dielectrophoresis in that depth dimension as 
well. In this study we demonstrate negative dielectrophoresis; the phenomenon is imaged with digital in-line holographic 
microscopy. The imaging method requires a full platform transparency, which is realized with transparent indium-tin-oxide 
electrodes. The negative dielectrophoresis demonstrations utilized polystyrene carboxylate particles 4.08 ȝm in diameter in a 
potassium chloride dilution 5 mM in concentration. The size of the active region of the platform was 65 ȝm in diameter. By 
negative dielectrophoresis, particles approach the trap at the center of the electrode tips. Intense particle movement was also
observed outside of the platform’s active region. This was a result of AC electro-osmosis or electro thermal flow. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
Dielectrophoresis (DEP) offers an efficient non-destructive approach for microparticle characterization and 
fractioning. It is applicable to artificial as well as biological particles. It has been used for fractioning cancer cells 
from blood cells for example [6]. The phenomenon was initially found by Pohl in the 1950’s. Since then DEP has 
been applied in many different fields in micron scale particle analysis [1, 2]. 
Digital in-line holographic microscopy offers the possibility to reconstruct 3D-images of a sample volume. 
Images of the particles situated at different depths inside the sample volume can be reconstructed from a single 
hologram. Thus utilizing reconstructions from sequential holograms, it is possible to trace the particles in 3D as a 
function of time. In this study, we have used a difference hologram that yields information only about the moving 
objects inside the sample volume [3,5]. 
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In previous DEP studies, holographic imaging has not been possible due to opaque metal electrodes. Electrodes 
block the transmission of light, and therefore it is not feasible to use such imaging methods. In our platform, the 
electrodes are manufactured of Indium-Tin-Oxide (ITO), which is electrically conductive and visible light 
transparent. ITO is relatively resistant against chemical, mechanical and electrical corrosion, compared to traditional 
metal electrodes. 
With this platform we were able to achieve particle mobility information not only from the active region of the 
platform but also from the top of the electrodes, which is another advantage compared to metal electrodes. Also, 
dyeing of the particles which typically needed for small particle visualization in medium, becomes unnecessary, as 
in any case with DIHM but also in traditional microscopy. 
2. Materials and methods 
2.1. Dielectrophoresis 
The theory of dielectrophoresis is based on the polarization of particles versus carrier suspension. When a particle 
within a carrier dilution is set to a non-uniform electric field, it becomes polarized and forms a dipole. In a non-
uniform electric field Coulomb forces on either side of the dipole are unequal, which causes a net force which 
induces particle movement [4]. This net force is called dielectrophoretic force 
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RMSE  is the gradient of the squared electric 
field. For the full frequency band the real part of the Clausius-Mossotti factor is expressed 
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This equation defines basically the direction and amplitude of the particle movement: the equation consists of the 
electrical properties of the particle and the medium and angular frequency of the electric field. When a particles 
polarizability is smaller than that of its surrounding medium the particle experiences a repulsion force from the 
electric field, i.e. negative dielectrophoresis (nDEP). Conversely, when its polarizability is larger than the medium’s 
the particle undergoes an attraction force, positive dielectrophoresis (pDEP). The equation returns negative values 
for the nDEP and positive values for pDEP. 
2.2. Manufacturing of the platform 
The geometry of the platform was transferred by the standard photolithography process and dry etched by 
reactive ion etching. The substrate material is standard borosilicate glass 5 x 5 cm in size and 3 mm in thickness. 
The thickness of the ITO coating before the etching process was 300 nm. After processing the ITO electrode 
thickness was about 80nm. Connections to the electrodes were made with a special silver paint which is electrically 
conductive.
For reduction of the optical errors in platform, glass rods approximately 150 μm were assembled to the both sides 
of the geometry. The function of the rods was to support cover glass, and in consequence to condition the sample 
volume. 
2.3. Digital In-Line Holographic Microscopy 
Digital in-line holographic microscopy is an efficient application for gathering information about particle 
mobility in depth. We have used a difference hologram technique which responds to moving objects between 
consequential frames. In the experiments we used a DIHM integrated into an inverted compound microscope. The 
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point source consists of a laser 405 nm in wavelength with a pinhole of 500 nm in diameter and focusing optics. The 
image detector for recording the holograms is a 2048x2048 pixel CMOS camera. 
Fig. 1. Schematic figure of digital in-line holographic microscopy. 
2.4. Experiments 
Experiments were executed withiin the 2D hyperbolic quadrupole electrode geometry. The experiments consisted 
of DIHM application of Resolution Optics, Zeiss Axiovert 40 CFL, HP 33120A function generator and 2D 
dielectrophoretic platform (Fig 2.). 
Negative dielectrophoresis was demonstrated in the experiment. The particles were polystyrene carboxylate 4.08 
μm in diameter. The particles were diluted in potassium chloride 5 mM in concentration. The conductivity of the 
dilution was measured to 69.5 mS/m. The active region of the platform was 65 μm in radius. A sinusoidal voltage of 
15 MHz at 10 Vp-p was leaded to the electrodes. The line was terminated to 50 ohm of resistance. 
Fig. 2. Schematic figure of the platform, with active region 65 μm in radius. 
The carrier dilution with the particles was dropped to the platform, and the dilution was covered with a cover 
glass 150 μm in thickness. Immediately upon turning on the voltage the holograms were taken and saved for further 
reconstruction. 
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3. Results and Discussion 
From the holograms taken in the experiment, we reconstructed images at different depths. Due to the adequate 
thick substrate the reconstruction algorithm returns quite poor resolution in the depth direction, therefore the images 
are shown at 50 μm intervals. The active region of the platform is at the center part of the images, indicating that by 
nDEP the particles move to the dielectrophoretic trap. This trap is best seen in first frame of Fig. 3. This is, 
approximately, at a depth of 10 μm above the electrodes. 
Fig. 3. Holographic reconstructions of six consequential frames. In depths of 10 μm, 60 μm, 110 μm and 160 μm above the electrodes. 
Above the platform’s surface, particle mobility can be discerned outside the active region. According to previous 
studies the electric field on straight above the electrodes is constant; hence particle movement outside of the active 
region is not induced by DEP force. This movement is a result o f electro-osmosis or thermal liquid flow. 
4. Conclusion 
We have demonstrated negative DEP mobility in hyperbolic quadrupole geometry with an active region 65 μm in 
radius. The particles moved into a trap approximately at the same plane as the electrodes. There is evidently other 
particle mobility outside the active region. This can be explained by electro-osmosis or thermal liquid flow. 
Evidently digital in-line holographic microscopy is a very powerful method in the imaging of dielectrophoretic 
phenomenon. It offers a great possibility to achieve in-depth information about the particles and their mobility as a 
result of a hydrodynamic occurrence. 
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